INTRODUCTION {#sec1-1}
============

Cervical laminoplasty is commonly performed for posterior cervical decompression. A variety of procedures have been developed to obtain a reconstruction of posterior cervical elements.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\] Cervical laminoplasty appears effective on the maintenance of spinal curvature and range of motion (ROM) even long after surgery although the efficacy of this method has remained contentious.\[[@ref12][@ref13][@ref14]\] However, performing cervical laminoplasty after wide laminectomy for intradural procedures such as resection of intradural tumors may be technically demanding.

We have developed a unique method of cervical laminoplasty using a hydroxyapatite (HA) block, in what we term "lift-up laminoplasty," and have reported the advantages in the previous publications.\[[@ref3][@ref6][@ref15]\] Here, we modified our technique of cervical lift-up laminoplasty to use titanium basket plates and created an integrated laminoplasty of the cervical spine. The mixture of HA granules and collagen was packed into the basket to be integrated with the lamina edge. The procedure is not particularly complicated and appears easier. We applied this technique for the reconstruction of cervical laminae after the resection of intradural tumors and examined the postoperative imaging results for cervical curvature and ROM.

MATERIALS AND METHODS {#sec1-2}
=====================

Patient population {#sec2-1}
------------------

Cervical lift-up laminoplasty with titanium basket plates was introduced in our institute in September 2014 and was applied for the reconstruction of cervical laminae after the resection of intradural tumors. This study of cervical lift-up laminoplasty with titanium basket plates included 14 cases that could be followed periodically for at least 6 months after surgery. Participants were 8 male and 6 female, with a mean age of 41.6 years (range, 13--71 years). Tumors were intramedullary in 11 cases and extramedullary in three cases. Recurrent cases were excluded from this study. Patient characteristics are summarized in [Table 1](#T1){ref-type="table"}.

###### 

Patient characteristics

![](JCVJS-9-26-g001)

Surgical technique {#sec2-2}
------------------

The surgical technique for lift-up laminoplasty of the cervical spine has been described previously.\[[@ref3][@ref6][@ref15]\] Briefly, after standard exposure of the posterior cervical spine with preservation of the spino-ligamentous complex, osteotomy of the laminae was carried out by transecting the laminae using a high-speed drill. The yellow ligaments were sharply dissected at the upper and lower level of the laminotomy, and the laminae removed *en bloc*. Additional resection of the lamina edge or posterior foraminotomy was performed in selected cases. After resection of intradural tumors, custom-designed titanium baskets (AMMTEC, Tokyo, Japan) were fitted to expand the spinal canal. The minimum size of a basket is 8 mm long. The width of a basket is 3 mm for the C3--C7 subaxial spine or 4 mm for C2. Combining baskets of different sizes are also possible for each side at one level. A mixture of HA granules and collagen (Refit; HOYA Technosurgical Corporation, Tokyo, Japan) was packed into the basket. The reconstructed posterior laminae were secured using titanium mini plates \[[Figure 1](#F1){ref-type="fig"}\]. The fascia of the paravertebral muscles was sutured to the spino-ligamentous complex to further stabilize the posterior elements of the cervical spine. A soft collar was applied several weeks after surgery. No other external orthosis was applied after surgery.

![Photograph showing the cervical lift-up laminoplasty with titanium basket plates using a plastic model of the spine (a and b). Basket plates are titanium-6 aluminum-4 vanadium extra-low interstitial alloy consisting of a box-shaped cage available in different sizes (c)](JCVJS-9-26-g002){#F1}

Image analysis {#sec2-3}
--------------

All patients underwent comprehensive evaluations before and after surgery and completed a minimum 6 months of follow-up after surgery. Radiological evaluations included the C2--C7 angle of spinal curvature and ROM of the cervical spine on plain radiography and osseous integrity on computed tomography.\[[@ref16][@ref17]\] All radiological evaluations were performed using a computerized medical records system (EGMAIN-EX).

Statistical analysis {#sec2-4}
--------------------

All data are expressed as means ± standard deviation. JMP version 9.0 Software (SAS Institute, Cary, NC, USA) was used for all statistical analyses in the present study. The paired *t*-test was used to assess differences in C2--C7 angle of spinal curvature and ROM of the cervical spine between before and after surgery.

Statement of ethics {#sec2-5}
-------------------

We certify that all applicable institutional and governmental regulations concerning the ethical use of clinical data were followed in the present study. This comprehensive analysis of surgery-related outcomes was approved by the Institutional Ethics Committee. Informed consent for the use of titanium basket plates was obtained from the patient before surgery.

RESULTS {#sec1-3}
=======

In the 14 patients, a total of 32 cervical laminae were reconstructed after resection of intradural tumors. Mean operation time including resection of the tumor was 473 min (range, 250--637 min). Mean estimated blood loss including the resection of the tumor was 261 ml (range, 40--700 ml). No wound or implant problems requiring revision surgery were encountered.

Cervical spine curvature before surgery was lordotic in 12 patients, straight in 0, S-shaped in 1, and kyphotic in 1. Postoperative image analysis demonstrated that cervical spine curvature after surgery remained lordotic in 12 patients, straight in 0, S-shaped in 0, and became kyphotic in 2. Average C2--C7 angle did not change significantly after surgery. Average neck ROM between flexion and extension was 40.9° before surgery and remained 46.8° after surgery \[[Figure 2](#F2){ref-type="fig"}\]. The data from image analysis are summarized in [Table 2](#T2){ref-type="table"}. Image analysis using computed tomography suggested sequential spinal stability at the base of the laminae \[[Figure 3](#F3){ref-type="fig"}\].

![Lateral radiographs of the cervical spine (Patient 7) showing maintenance of C2--C7 angle and range of neck motion from before surgery (a-c) to after surgery (d-f)](JCVJS-9-26-g003){#F2}
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Summary of image analysis

![](JCVJS-9-26-g004)

![Image analysis using computed tomography (Patient 10) suggesting sequential osseous stability at the base of the laminae. (a and b): Early after surgery; (c and d): 6 months after surgery](JCVJS-9-26-g005){#F3}

Illustrative case 1 {#sec2-6}
-------------------

A 36-year-old woman was admitted with acute deterioration of a left-sided motor-weakness. Functional assessment before surgery suggested Grade 5 in the modified McCormick functional schema.\[[@ref18][@ref19]\] Magnetic resonance imaging (MRI) before surgery demonstrated the existence of intramedullary tumor at the C1--C4 level \[[Figure 4a](#F4){ref-type="fig"}\]. Surgical verification revealed the anaplastic nature of the tumor, and partial resection was accomplished without trouble. Pathological examination of the tumor led to a diagnosis of intramedullary anaplastic ependymoma. Cervical lift-up laminoplasty with titanium basket plates for C2--C4 was completed \[[Figure 4b](#F4){ref-type="fig"} and [d](#F4){ref-type="fig"}\]. The patient underwent postoperative treatment with local radiation and chemotherapy \[[Figure 4c](#F4){ref-type="fig"}\]. The postoperative course was uneventful, and functional assessment early after surgery suggested Grade 4 of the modified McCormick functional schema. During follow-up, image analysis demonstrated the maintenance of cervical curvature.

![Illustrative case (Patient 1). (a and b): Before surgery; (c and d): After surgery and radiation](JCVJS-9-26-g006){#F4}

Illustrative case 2 {#sec2-7}
-------------------

A 23-year-old woman was admitted with acute deterioration of tetraparesis. Functional assessment before surgery suggested Grade 5 of the modified McCormick functional schema. MRI before surgery demonstrated an intramedullary tumor at the C6--C7 level with extensive intramedullary signal change \[[Figure 5a](#F5){ref-type="fig"}\]. Surgical verification revealed the anaplastic nature of the tumor, and partial resection of the tumor was accomplished without trouble. Pathological examination led to the diagnosis of intramedullary germ cell tumor. Cervical lift-up laminoplasty with titanium basket plates of C6--C7 was completed \[[Figure 5b](#F5){ref-type="fig"} and [d](#F5){ref-type="fig"}\]. The patient underwent postoperative radiotherapy of the whole brain and spine and chemotherapy \[[Figure 5c](#F5){ref-type="fig"}\]. The postoperative course was uneventful, and functional assessment early after surgery suggested Grade 4 of the modified McCormick functional schema. During follow-up, image analysis demonstrated the improvement of the cervical curvature.

![Illustrative case (Patient 3). (a and b): Before surgery; (c and d): After surgery and radiation](JCVJS-9-26-g007){#F5}

DISCUSSION {#sec1-4}
==========

Although a variety of technical modifications are available for cervical laminoplasty, such as unilateral open-door, bilateral open-door, HA spacer or titanium plate, and screws,\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\] these procedures may not be entirely suitable for the reconstruction of cervical laminae after resection of an intradural tumor. Wide laminectomy is helpful for surgeons to secure a sufficient working space for intradural procedure but may result in spinal deformity, instability, or aggravation of neck ROM.\[[@ref20][@ref21][@ref22][@ref23]\] Our previous reports described our lift-up technique of cervical laminoplasty using HA block.\[[@ref3][@ref6][@ref15]\] Resected laminae were completely secured in the original position using HA block and titanium plates after wide laminectomy. The advantages of cervical lift-up laminoplasty are the provision of a wide space for intradural procedures and reconstruction of posterior osseous elements of the cervical spine. The degree of lift-up can be modified by changing the size of the HA block. Furthermore, expansive duraplasty was easily secured with the reconstructed laminae.\[[@ref15]\] On the other hand, the procedure is not necessarily simple or easy, and the structure may be complex.

This technical note suggested that cervical lift-up laminoplasty with titanium basket plates can be applied easily and safely after resection of intradural tumors. Reconstructed laminae were assumed to be stable during follow-up, even after postoperative local radiation. Cervical alignment and ROM were well maintained after surgery. As Tani *et al*. reported, titanium basket plates offer some advantages.\[[@ref10]\] The titanium basket plates are universally applicable to both uni- and bi-lateral open-door laminoplasty, not only to lift-up laminoplasty. The malleability of the metal allows the basket to be altered to fit with the laminae. Finally, a lower chance of implant failure such as crack formation associated with HA spacers can be noted. Minimal artifacts on postoperative MRI and computed tomography may be another advantage because the basket consists of a thin titanium alloy.

As mentioned above, we started performing this procedure in September 2014, and the number of cases in which we performed the procedure and the follow-up period was quite limited. Longer-term results for bony fusion and deformity in the postoperative period are thus needed. We will, therefore, continue using this procedure and accumulating and evaluating the results. Furthermore, biomechanical stability of the reconstructed laminae also needs to be carefully examined. This preliminary study, although quite short and including only a small number of cases, suggested that cervical lift-up laminoplasty with titanium basket plates may be clinically practical and represents a valid choice for reconstructing cervical laminae after wide laminectomy.

CONCLUSIONS {#sec1-5}
===========

The technique of cervical lift-up laminoplasty using titanium basket plates was modified to create an integrated laminoplasty of the cervical spine after resection of intradural tumors. This preliminary analysis suggested that cervical spine curvature and average C2--C7 angle were not markedly changed after surgery. Neck ROM between flexion and extension was maintained from before surgery to after surgery. Image analysis using computed tomography suggested sequential osseous stability at the base of the laminae. Cervical lift-up laminoplasty with titanium basket plates appears practical and useful as a procedure to reconstruct the cervical laminae after wide laminectomy.
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